Acute retinal necrosis (ARN) is a rapidly progressive and severe retinitis resulting in a poor visual outcome. Infections caused by herpes viruses such as herpes simplex virus (HSV) types 1 and 2 or the varicella zoster virus (VZV) are known to be implicated in the development of ARN. In the present study, an 80-year-old female with ARN was examined. She had been affected with rheumatoid arthritis and had taken methotrexate for over 10 years. Her right eye showed clinical features of ARN, and her left eye showed mild retinitis. The genomic DNA in the aqueous humor and vitreous fluid from her right eye were analyzed by a comprehensive polymerase chain reaction (PCR) assay to screen infectious pathogens including viruses. The Epstein-Barr virus (EBV) was detected from both specimens, but neither HSV or VZV nor cytomegalovirus was detected. She underwent intraocular surgery following systemic corticosteroid and acyclovir applications. However, although the retinitis of her right eye was extinguished, the final visual outcome was blindness due to optic nerve atrophy. There are few reports indicating that EBV is associated with ARN development. The present findings suggest that EBV alone can be the causative agent of ARN.
Introduction
Acute retinal necrosis (ARN) was first described in 1971 [1] . The typical clinical features of ARN include anterior uveitis and various retinal changes such as multifocal exudation, occlusive vasculopathy, retinal edema, retinal necrosis starting from the peripheral retina and extending to its posterior area, dense vitreous clouding and optic neuropathy. It can be unilateral or bilateral. The etiology of ARN is thought to be related to the retinal viral reactivation. The most common cause is the Herpesviridae family, particularly the varicella zoster virus (VZV) and herpes simplex virus (HSV) types 1 and 2 [2, 3] .
The Epstein-Barr virus (EBV) is a DNA virus of the Herpesviridae family. It is believed that more than 90% of the subjects infected with EBV transmit it orally or through blood. EBV is known to cause mononucleosis syndrome and is also associated with Burkitt lymphoma and nasopharyngeal carcinoma. The virus exhibits affinity to B lymphocytes and nasopharyngeal epithelial cells [4] . However, primary infection with EBV in childhood is commonly subclinical, and in most cases, EBV-infected B lymphocytes are latent. The clinical symptoms in adulthood are magnified when the EBV in infected B cells is reactivated. The viral reactivation is often observed in an immunosuppressive state. The clinical feature of ocular disease by EBV infection is not clear.
Although the diagnosis of ARN is made by its typical ocular features, the examination of pathogens, especially herpes viruses, is important. For the last decade, the advances made in molecular analytical techniques, including genomic screening of multiple pathogens, were remarkable. It is now more preferable to test focal samples rather than conducting a serum antibody titer for viruses. The multiplex polymerase chain reaction (PCR) system has made it possible to detect multiple pathogens from small volume samples such as those in the aqueous humor and vitreous fluid [5] . The ample evidence of herpes virus existing in ocular fluid or ocular tissues can lead to a greater understanding of the etiology of ARN [6] .
In this report, we describe a case of ARN in which EBV was detected in intraocular fluid. These findings suggest that EBV is implicated as a cause of ARN.
Case Presentation
The medical records of our patient with ARN were retrospectively reviewed. An 80-year-old woman developed blurred vision in both eyes 1 month before presenting to JR Sapporo Hospital. Upon entering, an examination found evidence of iritis, vitreous opacity, a mild vitreous hemorrhage and extensive multifocal exudation around the optic disc in her right eye ( fig. 1a) , as well as mild vitreous opacity, an optic disc hemorrhage and peripheral white granulomatous exudation in her left eye ( fig. 1b) . A fluorescein fundus angiography demonstrated hyperfluorescence of the optic disc and a wide range of occlusive vasculitis in her right eye ( fig. 1c) , and retinal vasculitis in the nasal area in her left eye ( fig. 1d) . The aqueous humor of the right eye was subsequently collected for pathogen analysis by the PCR system. Since the serological analysis was positive for cytomegalovirus (CMV) IgG, she was presumed to have CMV retinitis. She received ganciclovir (75 mg/day) orally, but this triggered no effective response. The uveoretinitis in her right eye deteriorated, and after 1 week, she was transferred to our hospital. Upon admittance, she disclosed that she had been taking oral methotrexate for over 10 years for rheumatoid arthritis. 1f ). Both eyes showed substantial anterior chamber depth without goniosynechia, and mild senile cataracts.
Results of the laboratory investigations of serum including antinuclear antibodies, antidouble stranded DNA antibodies, an adult T-cell leukemia antigen and antineutrophil cytoplasmic antibodies were unremarkable except for a high rheumatoid factor value. Serological analyses indicated that there was no active infection of syphilis, tuberculosis, human Tcell lymphoma virus 1 or toxoplasma gondii. The virus antibody titer screen was negative for IgM and positive for IgG for HSV, VZV, and CMV. The EBV antibody test showed negative for either IgG against an early antigen or IgM against a viral capsid antigen and positive for both IgG against a viral capsid antigen and IgG against a nuclear antigen.
The patient received continuous administration of topical betamethasone and intravenous aciclovir (700 mg/day) upon admission. Due to the progressive symptoms in her right eye, vitrectomy, retinal photocoagulation and silicone oil tamponade were applied, and phacoemulsification surgery was conducted 5 days after admission. The fundus findings during surgery showed the occlusive vasculopathy of the entire retina, retinal fibrosis and retinal detachment with retinal breaks and vitreous traction ( fig. 1e ). The vitreous fluid was collected for cytology and pathogen screening. The cytological examination of infiltrated cells in vitreous fluid showed lymphocytes and a few neutrophils but no atypical cells. The culture examination using vitreous fluid was negative for bacteria or fungus. The genomic DNA in vitreous fluid was analyzed by comprehensive PCR to screen infectious pathogens including bacteria, parasites and viruses. The PCR analysis was performed in the laboratory for retinal regeneration at Riken's Center for Developmental Biology (Kobe, Japan), as previously described [5] .
Both the aqueous humor that was collected at the former hospital and vitreous fluid that was collected during surgery showed high copies of EBV but were negative to HSV, VZV, CMV and other pathogens (table 1). Two days after surgery, the patient received oral valaciclovir (1,500 mg/day) and predonisolone (30 mg/day). The dosage of valaciclovir and predonisolone administration was reduced gradually without recurrence of retinitis or development of side effects. Retinal atrophy occurred in her right eye in the necrosis area, and optic nerve atrophy also developed. This resulted in a loss of light perception in the eye. The lesion in her left eye was diminished by the drug treatment. No relapse was observed in 1 year.
Discussion
In this report, we described a case of ARN. The genomic DNA analysis for virus testing of intraocular fluids showed a high copy number of EBV but was negative for HSV and VZV.
The clinical diagnosis of ARN is based on its characteristic ocular outcome. In addition, the high frequency in detecting VZV and HSV in intraocular fluid or tissues leads to the belief that the causative pathogens of ARN are VZV and HSV [2, 3, 7] . Since the predilection age of ARN is during adulthood, it is thought that the development of ARN is introduced by reactivation of latent viruses such as VZV and HSV. Due to advances in genomic DNA analysis, it is possible to screen pathogens using small sizes of local specimens. These results help elucidate the etiology of many diseases. In intraocular inflammation, the pathogen screening of the aqueous humor and vitreous fluid is not only harmless but also informative in the diagnosis and determination of the treatment. Recently, Sugita et al. [5] developed a two-step PCR protocol to examine multiple pathogens from small-volume ocular fluids. The first step is to screen the genomic DNA of several pathogens by multiplex PCR. Every positive pathogen detected by multiplex PCR is then examined by real-time PCR for quantification of the pathogen load. In ARN, high copy numbers of HSV and VZV can be detected through this method [6] . This emphasizes that the reactivation of HSV or VZV in the eye is responsible for the development of ARN. In our case, several pathogens in ocular fluid were examined using this two-step PCR. The initial infection of EBV is thought to occur in young children without any symptoms or with acute inflammatory diseases that are not recognized as being due to EBV. The major host cells of EBV are B lymphocytes, and infected B cells are persistent throughout life. However, EBV in infected B cells is mostly latent. Although the trigger has yet to be clarified, latent infected B cells can be stimulated to reactivate EBV, which results in the production of a large number of viruses [4] . The EBV reactivation is often observed in individuals undergoing immunosuppression. It is speculated that immunosuppression, either by medication or illness, makes the immune system lose control of EBV replication.
EBV DNA was detected even in ocular tissues from healthy donors by PCR [8] . This suggests that the large amount of EBV production by reactivation in the eye can lead to the development of intraocular diseases such as uveitis [9] . Previously, some uveitis cases were reported to be associated with EBV from the profile of EBV antibody titers in serum and the aqueous humor [10, 11] . In a recent report, patients receiving long-term systemic corticosteroids showed a high copy number of EBV DNA with severe intraocular inflammation [9] .
There have been recent reports on the involvement of EBV in ARN. Several studies showed that EBV DNA was found in the ocular fluid of ARN patients who were also positive to VZV DNA [2, 3, 6, 9] . Those patients in whom both VZV and EBV were detected developed more severe symptoms than those with VZV alone [6] .
However, there are also reports stating that only EBV is associated with ARN development. In these reports, EBV DNA was detected from ocular fluid and retinal tissues that were absent from HSV, VZV or CMV [12] [13] [14] . Among these cases, 1 patient was affected with a lymphoproliferative disorder, and another patient was receiving systemic methylprednisolone and infliximab. It is likely that the long-term application of methotrexate induced a reactivation of EBV in the eyes of our case. The virus load of the aqueous humor and vitreous fluid showed a high copy number of EBV (2.07 × 10 5 [5] and 5 × 10 6 copies/ml, respectively), with a lack of other pathogens. These results indicate that EBV alone is associated with the development of ARN in our case. The ophthalmic outcome of the right eye in our case was typical of ARN, other than the retinal necrosis lesions being severe in the peripapillary rather than peripheral area. Usui and Sakai [10] reported that the vasculitis is prominent in the peripapillary area in EBV-associated uveitis. It is possible that pathological change is dominant in the peripapillary area in EBV associated with ARN. The causative pathogens of ARN are known as VZV and HSV. Although to date there have been few cases of EBV-associated ARN, even with the addition of our present study, our results are informative in that they show that EBV activation in ocular tissue can lead to the development of ARN. Reviewing the characteristic traits among those EBV-associated ARN cases should help lead to a greater understanding of the pathology of ARN.
The present findings suggest EBV alone can cause ARN, especially in individuals undergoing immunosuppression. Because EBV exists in unaffected tissues, it is important to determine the pathogenic value of the virus load from local samples. Further investigation with increased numbers of case studies and statistical analysis may lead to the establishment of reliable criteria for EBV-associated ARN. 
